Climate change is receiving more attention from researchers as the frequency of occurrence of severe natural disasters is getting higher. Tropical countries like Malaysia have no distinct four seasons; rainfall has become the popular parameter to assess climate change. Conventional ways that determine rainfall trends can only provide a general result in single direction for the whole study period. In this study, rainfall series were modelled using additive Holt-Winters method to examine the rainfall pattern in Langat River Basin, Malaysia. Nine homogeneous series of more than 25 years data and less than 10% missing data were selected. Goodness of fit of the forecasted models was measured. It was found that seasonal rainfall model forecasts are generally better than the monthly rainfall model forecasts. Three stations in the western region exhibited increasing trend. Rainfall in southern region showed fluctuation. Increasing trends were discovered at stations in the south-eastern region except the seasonal analysis at station 45253. Decreasing trend was found at station 2818110 in the east, while increasing trend was shown at station 44320 that represents the north-eastern region. The accuracies of both rainfall model forecasts were tested using the recorded data of years 2010-2012. Most of the forecasts are acceptable.
Introduction
Climate change as a global issue has received concerns from many researchers in the world. Many serious large-scale natural disasters occurred all around the world in the recent years. Particularly in 2013, cyclones, storms, hurricanes, earthquake as well as drought and flood in Philippines, India, the United States, Mexico, China, southern and western Africa and also southern Asia displaced millions of people. Thus, climate change is definitely a noteworthy issue to be studied. Cyclones, storms and hurricanes bring heavy precipitation which can cause flooding of inland. Thus, analysing precipitation trends is one of the assessment tools of climate change, especially in tropical countries which have no distinct four seasons. Study on precipitation has received attention in many countries such as Spain, Italy, Ethiopia, Nigeria, India, Malaysia, South Korea, Australia and so on (Luís et al. 2000; Seleshi and Zanke 2004; Chang and Kwon 2007; Guhathakurta and Rajeevan 2008; Wong et al. 2009; Obot et al. 2010; Caloiero et al. 2011; Kamruzzaman et al. 2011) over the past few decades. It not only focusses in the assessment of climatic change, but also in managing agricultural issues as well as water resources.
The commonly used method in analyzing rainfall trend is the non-parametric rank-basedrain intensity and also heavy precipitation. Seleshi and Zanke (2004) , determined changes in both rainfall amount and rainy days with Mann-Kendall test on six indices and evaluated the slopes of the trends using least-squares linear fitting. Wang et al. (2013) observed insignificant increasing trend in seasonal (except autumn) and annual precipitation in Jinsha River Basin in China by Mann-Kendall test. A short-period rainfall trend study was done for the whole territory of Nigeria (Obot et al. 2010) . Since the presence of serial correlation will alter the probability of rejecting the null hypothesis, prewhitening process was performed. Only one out of six geopolitical zones showed significant trend from Mann-Kendall test during the 30-year study period. Instead of pre-whitening the time series, the Mann-Kendall test was modified by correcting the underestimated variance for positively autocorrelated data in a case study of rainfall trend analysis in India (Mondal et al. 2012 ). Sen's slope estimator was used to predict the magnitude of the trend. Another analysis of precipitation trends was done to detect trends of annual and seasonal rainfall in Calabria, Italy (Caloiero et al. 2011) . The pre-whitening approach of von Storch's procedure was first applied before trend detection analysis of Mann-Kendall test. More negative trends showed in each season except summer.
Both Mann-Kendall test and cumulative sum (CUSUM) test were used in some studies for rainfall trend analysis (Karpozos et al. 2010; Afzal et al. 2011) . CUSUM test detects sudden shift in trend. Sequential Mann-Kendall test is employed to see the change in trend with time. Karpozos et al. (2010) studied precipitation trend analysis in Pieria Region (Aison river basin with an area of 1232 km 2 ), Greece. A general negative trend was observed in the whole region due to the decreasing trend during autumn, winter and spring. Also, apparent decrease in annual precipitation was shown in all stations during 1987-1993 from the sequential Mann-Kendall test.
Another non-parametric rank-based test which is used in trend analysis is Spearman's rho test. Wong et al. (2009) had analyzed the variability of rainfall for peninsular Malaysia and found that the only significant trends were found in the west coast region with increasing trend in November, the northeast monsoon and annual rainfall. Jayawardene et al. (2005) Tabari et al. (2012) , the standardized precipitation index was evaluated to quantify the degree of wetness to examine the spatial characteristics of drought. Both Spearman's test and Kendall's test were used to determine the temporal rainfall trends and the magnitude was found using Theil-Sen's estimator. More negative trends were found in the annual rainfall and all seasonal rainfalls.
Besides non-parametric method, there were also other methods used for studying rainfall trends. Guhathakurta and Rajeevan (2008) have studied the trends in rainfall pattern over whole India using 'low-pass filter' on linear fit, and there were no linear trend found in both the monsoon season rainfall and the four monsoon months for whole India. Ghahraman and Taghvaeian (2008) also investigated annual rainfall trend in Iran for the period of equal or less than 50 years using regression line method. The study period was further broken down into last 40 years and last 30 years to observe the recent change in rainfall. It was discovered that the result of increasing or decreasing trends found might not reflect the true scenario since it depends on the length of the study period. Luís et al. (2000) commented that trends in climatic series are rarely linear even though linear regression method is a popular way to assess relationships between two variables. Besides, linear regression assumes normality and homogeneity of variance throughout the series, which is hardly achieved by rainfall time series. Thus, nonparametric method would be a better approach since it is less affected by outliers and does not require normality assumption. However, results found from these methods are in single direction (either increasing or decreasing) and mostly statistically insignificant.
Only a few hydrological studies on time series trend analyses were done using Holt-Winters method. Non-stationarity in precipitation and temperature in the Murray Darling Basin was investigated to provide significant evidence of climate change (Kamruzzaman et al. 2011) . Two analyses were applied to monthly rainfall and average maximum temperature time series in ten selected stations. Two seasonal variations, the pacific decadal oscillation (PDO) and the southern oscillation index (SOI) were taken into account in the multiple regression models for rainfall and temperature. The residuals from the regression which represented the random variation about the fitted values were first investigated. Then, the CUSUM technique was also applied to the residuals and evidence of non-stationarity in both temperature and rainfall was discovered. Next, Additive HoltWinters method was adopted since it allowed the underlying mean, trend and seasonal components to change over time. Thus, this method was used to track shifts in the parameters of a time series. It was revealed that reduction in rainfall was accompanied by negative SOI but there was no trend found in both PDO and SOI series. Furthermore, in Holt-Winters analysis, negative trend was found in agreement with the previous analysis. Gundalia and Dholakia (2012) used additive Holt-Winters method for prediction of maximum and minimum temperatures in Junagadh Region in India. Only maximum and minimum daily temperatures from June to October were concerned. The optimal smoothing parameter α, β and γ were chosen by minimizing the value of mean absolute deviation (MAD). The accuracy of the forecasted models was measured by MAD, mean square error (MSE) and mean absolute percentage error (MAPE). It was found that the models fit well within the acceptable limits. Also, only 3 out of 153 observations of MAPE are found greater than 10 in maximum temperature time series, which indicates that such time series exhibit less fluctuations and gave better result as compared to minimum temperature time series.
The Holt-Winters model can be used in forecasting. A study of forecasting rainfall in Nakhon Ratchasima Province, Thailand was done by Sopipan (2014) . Both ARIMA (auto regressive integrated moving average) and multiplicative Holt-Winters method were used to forecast month ly rainfall at 15 stations with historical monthly data from April 2005 to March 2013. The MAPE, MSE and mean absolute error (MAE) were used to measure the performance. Forecasts from both methods were found to be acceptable but ARIMA gave a better result for that case.
Holt-Winters method is an exponential smoothing method, which was initially used for forecasting sales for inventory control. There are few advantages of the exponentially weighed moving average: the decreasing weight on historical data, the simplicity of the method and requirement of less data. Holt (2004) extended the exponential weighed moving averages to allow trend and seasonal variation. Winters (1960) concluded that this exponential forecasting model not only provides better forecasting compared to some other forecasting methods, it also reacts more efficiently when there is a sudden shift in the time series. Since the Holt-Winters method decomposes the time series to level, trend and seasonal components, trend of the rainfall time series can be found without the effect of seasonal variation on rainfall. Most methods used in rainfall trend analysis are only capable in finding trends in single direction, while additive Holt-Winters method can provide a better picture of the trend movement for the study period, which makes additive Holt-Winters method more useful in studying rainfall trends.
Model performance evaluation is an important step of model development and calibration process. The Nash-Sutcliffe efficiency measure (NSE) is commonly used in evaluating performance of rainfall-runoff model. Krause et al. (2005) compared a few efficiency criteria, such as NSE, coefficient of determination and index of agreement, which are usually used in hydrologic modelling studies. It was stated that the greatest drawback of the NSE is that the differences between the observed and forecasted values are calculated as squared values, which will eventually overemphasize a large value (Criss and Winston 2008) . Besides, as the mean observed value is used as a standard, it can either be a very poor predictor, where the observed data has strong seasonal variation, or a good predictor, for time series that has small variation around a relatively constant mean value (Schaefli and Gupta 2007) .
This study aims to determine the monthly and seasonal rainfall trends specifically within the Langat River Basin for the 10 selected rainfall stations using the additive Holt-Winters method. The study period is from 1971 to 2012 depending on the availability of data. Outcomes from this study is envisaged to be used as reference for assessment of climate change and also projecting future rainfall trends for water resources management and planning in Langat River Basin, Malaysia.
Materials and methods

Study Area
The Langat River Basin located at the central west of Peninsular Malaysia, occupies the whole southern region of the State of Selangor and part of the northern region of the State of Negeri Sembilan. It lies between latitudes 2
• 45 -3
• 20 N and longitudes 101
• 20 -102
• 0 E with an area of 2200 km 2 , approximately. There are three tributaries that drain through the Langat River Basin; the Langat River, the Semenyih River and the Labu River. The main tributary, the Langat River, originates from the western slope of Titiwangsa Range, which is the main range dividing peninsular Malaysia right through in the middle, and flows southwestern into Malacca Strait.
The Langat River Basin is the major area for economic growth since Putrajaya City, the Federal Administrative Centre of Malaysia, and the Multimedia Super Corridor that covers Cyberjaya and KLIA (Kuala Lumpur International Airport), are located within this area. Two reservoirs, which are the Semenyih Reservoir and the Hulu Langat Reservoir, and eight water treatment plants, are in the river basin. These water sources supply water to two-third of the Selangor State, and provides freshwater to approximately 1.2 million people within the river basin. However, rapid development in the southern region of Selangor State, especially the District of Hulu Langat, District of Sepang, as well as, Kuala Langat is expected to be continued in the near future with commencement of hitech-based industrial operations and other forms of manufacturing activities along with the development of new urban centres. Thus, substantial increase in water demand is expected. Rapid developments will inevitably lead to a great change of the quantity, as well as, quality of water resources in a river basin. Developments in Putrajaya and Cyberjaya have driven the urbanization and industralization in the Langat River Basin. Changes in rainfall pattern could therefore be more obvious in this river basin compared to other river basins in the country.
The climate of Langat River Basin is equatorialmonsoon with high but uniform annual temperatures and high humidity. Generally, the seasons in this area can be categorized by monsoon and inter-monsoon seasons, which are southwest monsoon (May-August), inter-monsoon (SeptemberOctober and March-April) and northeast monsoon (November-February of the following year).
Data collection and data checking
Historical rainfall data utilized in the present study were collected from the Department of Irrigation and Drainage (DID), Malaysia and the Malaysian Meteorological Department (MMD). Hourly and daily rainfalls were obtained and used to sum up the monthly and seasonal data. In order to investigate the rainfall trend effectively, rainfall time series of more than 25 years of duration have been used. Besides, rainfall time series of more than 10% missing data were also eliminated in this study to achieve higher accuracy of analysis. Therefore, only time series of 4 stations from DID and 6 stations from MMD spanning the period of 1971-2012 were used to investigate the changes in rainfall pattern. All utilized stations' name and code, the coordinate of the stations and the period of analysis are given in table 1. Figure 1 shows locations of the 10 stations, which are located in the Langat River Basin.
The detection of missing value was the first step of data checking. Data with less than 10% of missing values was then repaired by using the Inverse Distance Weighted (IDW) interpolation method.
Generally, rainfall data used in the studies of rainfall trends should only be affected by weather and climate. However, other factors like location of the station, station environment, observing practices and instruments will also influence the homogeneity of rainfall time series. Thus, homogeneity tests of rainfall data were carried out before further investigations followed. Since maximum and median of the rainfall series generally exhibit lower variability than annual rainfall, inhomogeneities are easier to be detected in these variables. Thus, four homogeneity tests were applied to annual median and maximum rainfall, namely the Alexandersson standard normal homogeneity test (SNHT), the Buishand range test, the Pettitt test and the von Neumann ratio test (Wijingaard et al. 2003) . The null hypotheses for these four tests are the same, indicating the annual values Y i of the testing variable Y are independent and identically distributed. The alternative hypothesis of SNHT, the Buishand range test and the Pettitt test is defined as a step-wise shift in the mean, a break, in the time series is present. These three tests are location-specific tests, which are useful in detecting the year where a break probably exists. Under the alternative hypothesis of the fourth test, the von Neumann ratio test assumes the series tested was not randomly distributed. The criteria proposed by Wijingaard et al. (2003) were adopted in this study. The time series is categorized as 'suspect' when at least three out of the suggested four tests reject the homogeneity. If two tests reject the homogeneity, then the time series is known to be 'doubtful'. The time series is 'useful' if only one or none of the tests rejects the homogeneity.
The Holt-Winters method
Instead of determining whether the monthly and seasonal rainfall series is increasing or decreasing, modelling rainfall series was proposed in this paper to find the rainfall pattern for each station during the study period. Holt (2004) extended the exponential weighed moving averages for series with no trend, or additive (linear) or multiplicative (non-linear) trend and non-seasonal series, or series with seasonal variation in additive or multiplicative patterns.
In this study, model chosen for rainfall series is the additive Holt-Winters method, which exhibits a linear trend and has a constant (additive) seasonal variation. The forecast is composed by level (L t ), trend (b t ) and seasonal variation (s t ), and the estimate of level, trend and seasonal variation at time t are computed using the following equations:
Level:
Seasonal:
where Y t is the recorded monthly or seasonal rainfall, L t−1 and b t−1 are the estimate of level and trend at time t − 1, respectively, while s t−c is the estimate of seasonal factor in time t − c, where c represents the number of periods in a year (c = 12 for monthly data, c = 4 for quarterly data). F t+m denotes the forecasted value at time t with m periods ahead. The smoothing parameters, α, β and γ, are the weights (values between 0 and 1) of historical values and are selected by minimizing the value of MSE over observations. This step would be done by using the R-programme. All parameters obtained were listed in table 2. In equation (1), the estimate of the level at time t is adjusted for the trend of the previous period. The estimated value of trend of the previous period, b t−1 , is added to the last smoothing value, L t−1 , to eliminate lag and bring L t to the approximate level of the current data value. The smoothing parameter α controls the estimate of level with weighing the most recent observations with a weight value of α and the most recent forecast value with a weight of (1 − α) for smoothing purpose. Since there is a trend in the time series, the next value will be either higher or lower than the current one. Then, the estimate of trend in equation (2) is expressed as the difference between last two smoothed values of level. Since randomness might exist, the smoothing parameter β is multiplied to the trend in the last period (L t − L t−1 ), while the previous estimated value of trend is multiplied by (1−β). Therefore, the Holt's algorithm can react efficiently when there is a sudden shift in time series.
The initialization process for the Holt's algorithm requires three estimates for first smoothed value for level (L 1 ), trend (b 1 ) and seasonal variation (s 1 ):
Trend:
Both monthly and seasonal rainfall series were investigated in this study. Since the rainy season is concentrated in few specific consecutive months but not the particular months, seasonal rainfall series might provide a better picture of the rainfall trend for the study period. The four seasons are southwest monsoon (SWM, from May to August), northeast monsoon (NEM, from November to February of the following year) and two inter-monsoons (ITM1 and ITM2, from March to April and September to October, respectively).
Model performance
Goodness-of-fit is the measure of the accuracy of the forecasted model to actual value. Three standard error measures, namely mean square error (MSE), mean absolute percentage error (MAPE) and mean absolute deviation (MAD) of the forecasted model throughout the whole study period were calculated to examine the fitting of the model. For all three measures, the smaller the value, the better the forecast accuracy. Y t and Y t denote the actual data and forecasted value, respectively, while n is the number of observations. Other than that, in order to measure the power of forecasting for Holt-Winters method, rainfall data of year 2012 were assumed to be unknown. After forecasting rainfall of year 2012, recorded data were then used to measure the error between forecasted value and the recorded value.
Mean square error (MSE)
Mean square error (MSE) is the average value of the squared individual errors; this is a commonly used measurement of difference between forecasted value and actual data. However, due to the squared error term, the value of MSE will be magnified and result in misleading conclusion.
Mean absolute percentage error (MAPE)
Mean absolute percentage error (MAPE) is a better error measurement since it does not magnify large errors as MSE does. However, the downside of this measurement is that MAPE will go to extreme when the actual data is small (close to zero) as the denominator is the actual data.
MAPE = n t=1
Yt−Ŷt Yt n . Lewis (1982) had developed a scale to judge the accuracy of the forecasted model using MAPE, as shown in table 3.
Mean absolute deviation (MAD)
Mean absolute deviation (MAD) is the average of the absolute value of error terms regardless whether the error is an overestimate or underestimate.
Pearson's correlation coefficient
Pearson's correlation coefficient is a popular measure of the linear correlation between two variables. The value r lies between -1 and 1 (inclusive), where -1 represents total negative correlation between the two variables, 0 represents no correlation, and 1 is total positive correlation.
where x i represents the observed value at time i, y i represents the forecasted value at time i, and x and y are the mean observed value and mean forecasted value, respectively.
Results and discussion
Homogeneity of rainfall series
From the result of homogeneity test for monthly rainfall series, 15 out of 20 monthly rainfall series were homogeneous at 95% significance level, as shown in table 4. Out of the five remaining, four were found to be 'suspect'. There was only one categorized as 'doubtful'. 'Suspect' or 'doubtful' monthly rainfall series were found at stations 2917001 and 44255, regardless testing on annual median or annual maximum rainfall. This result suggested that rainfall series for these two stations might not be suitable for further analysis. For seasonal rainfall series, 15 series were found under 'useful' category. However, four 'suspect' or 'doubtful' series were found when testing on annual median. All except one seasonal rainfall series were 'useful' when annual maximum was used as testing variable. Similar to monthly rainfall series analysis, seasonal rainfall series at station 2917001 was 'doubtful'.
Model performance
Goodness-of-fit of the generated model was measured by MAD, MSE and MAPE. There is no any criterion to indicate whether the model is good or bad for MAD and MSE. However, value of MAPE can be interpreted according to table 3, as shown in previous part. The results of MAD, MSE and MAPE for the whole study period are shown in table 5.
The MAD of monthly rainfall series ranged from 64.2 to 84.8, indicating that the forecasted monthly rainfall had a deviation of 64.2-84.8 mm rainfall. For instance, the forecasted rainfall at station 44320 was, on average, more or less 84.8 mm rainfall every month, while average monthly rainfall was 215 mm. Figure 2 shows the boxplot of monthly rainfall series over the 29 years at station 44320 and the curve shows average monthly rainfall. For seasonal rainfall series, the value of MAD was found in the interval between 119.3 and 161.8 mm.
The MAD of forecasted seasonal rainfall was 161.8 mm at station 44320 which has an average seasonal rainfall of 640.8 mm. For monthly rainfall series, the MAD value is 39.44% of the average rainfall at station 44320, while the percentage decreased to 25.25% for seasonal rainfall series. Every station showed the same situation. Therefore, it was concluded that the model of seasonal rainfall was better than the monthly rainfall model when MAD was used as the indicator of goodness-of-fit of the model. As mentioned above, due to the squared error term, the MSE will accentuate when the error is large. Thus, the value of MSE is generally larger than MAD value. For this study, minimum MSE was used to optimize smoothing parameters of Holt-Winters method for each station. The values of MSE for the monthly rainfall series were large, which lay between 6918.4 and 10621.4. As for seasonal rainfall series, the values ranged from 23591.5 to 42869.4.
Compared to MSE, MAPE would be a better indicator of goodness-of-fit since it does not magnify when the errors are large. However, there are some drawbacks of this indicator. Firstly, when the actual is zero, the denominator becomes zero, which is known as 'undefined'. Next, if the actual is less than 1, the value of MAPE would become large. The values of MAPE found in this study were compared to the scale of judgment developed by Lewis (1982) . MAPEs shown in monthly series were unsatisfactory with the values from 64.93% to 182.25%, and these values are categorized as 'inaccurate forecast'. On the other hand, seasonal rainfall series presented a better result when most of the MAPE fell in the range 29.15%-47.57%. All values in the interval of 21%-50% are 'reasonable forecast'. However, station 2913001 showed 182.25% in monthly analysis and 406.53% in seasonal analysis. Referring to the boxplot of rainfall distribution at station 2913001 (figure 3), there were few months with very less rainfall (close to zero) and the range of the monthly rainfall was wide (the minimum and maximum rainfall in October were 23 and 615.5 mm). For seasonal rainfall series, a special case of seasonal rainfall with 0.6 mm caused the uncommonly large MAPE. With exception of station 2913001, forecasted seasonal rainfall series was a better model as compared to monthly rainfall series.
The correlation coefficient, r, measured the strength and the direction of the linear relationship between the observed values and forecasted values. Scatter plots (figure 4) of the observed values and forecasted values of monthly and seasonal rainfall of each station were plotted. As shown in table 5, all r values are found to be positive, which indicates that the observed values and forecasted values are positively correlated for all series. Generally, the linear relationship of seasonal rainfall series is stronger than that of monthly rainfall series which is consistent with the results found from the three tests.
Trend analysis
Trends of monthly and seasonal rainfall series at each station were plotted to show the changes in rainfall pattern for the study period. Station 2913001, which is located in the western region of the study area, is the nearest station to the west coast. As shown in figure 5(a) , rainfall at this station was generally increasing but decreased during the period of figure 5(a) , rises and falls of rainfall can be found at stations 44255 during the earlier period and increasing rainfall trend was shown from August 1997. However, rainfall decreased during the earlier period in seasonal analysis but increased thereafter. During the whole study period, increasing rainfall trend was revealed at station 44256 in both monthly and seasonal There are two stations located in the southeastern region, namely stations 45253 and 45254.
During the whole study period, monthly rainfall at station 45253 exhibited a generally increasing trend (figure 5b). However, result from seasonal analysis showed a downward trend. Figure 5(c) shows the increasing trend in both monthly and seasonal analysis at station 45254 for the whole study period.
For station 2818110 that represents the eastern region in the study area, similar results were found in monthly and seasonal analyses (figure 5c), which showed steep decreasing trend during the period of 1972-1977 and remained consistent afterwards.
The only station located in the northeastern region is station 44320. As shown in figure 5(c), rainfall pattern in seasonal analysis was similar with the result from monthly analysis but in a 'smoother' form. Increasing trend was found during the whole study period but was more obvious in the earlier period, 1984-1993. One of the benefits of modelling rainfall using additive Holt-Winters method is that the graph plotted using the estimated trend shows the movement throughout the entire study period. From the figure shown, it was noticed that rainfall trend tend to increase at most stations from year 2005. Such observation is important for future forecasting. Rainfall in the Langat River Basin is more likely to increase in recent years. Flood prevention should be strengthened in this area.
Accuracy of model forecasting
In order to test the accuracy of rainfall series forecasting using Holt-Winters model, rainfall data of Most of the errors of forecasts were acceptable. A noteworthy result was discovered at station 44256. All values of MAD, MSE and MAPE were large in both monthly and seasonal forecasts. It was found that this station received a lot of rainfall during year 2011, monthly rainfall of more than 400 mm was discovered in 6 months and maximum monthly rainfall was 822.3 mm during the year. The average annual rainfall at this station was 2047.9 mm, while the annual rainfall of year 2011 hit 4558.6 mm, which is twice of the average annual rainfall. Thus, the inaccuracy of forecasting was caused by the abnormal wet year.
Conclusions
In this study, both monthly and seasonal rainfall series were modelled and the underlying trend was tracked using the additive Holt-Winters method at the nine stations in Langat River Basin. Instead of getting a single direction trend, increasing or decreasing, the rainfall series was modelled to track the fluctuations during the study period.
Rainfall data with more than 25 years and less than 10% missing data were obtained at 10 stations. However, only nine stations are homogeneous. The rainfall models were first checked for the model performance using four measurements, namely MAD, MSE, MAPE and correlation coefficient. It was found that the accuracy of the seasonal rainfall models were generally better than the monthly rainfall models.
Most of the stations exhibited similar result in monthly and seasonal analyses. Generally, increasing trends over the whole study period were shown at stations 2913001, 2815001 and 44256 in the western region except station 44255. Results from station 44255 revealed more fluctuation during the study period. However, different results were discovered in monthly and seasonal analyses at station 44239 in the southern region. Fluctuations were shown in the monthly analysis, while a generally decreasing trend was found in the seasonal analysis.
In the southeastern region, both monthly and seasonal analyses at station 45254 and monthly analysis at station 45253 exhibited upward trend. However, downward trend was found in the seasonal analysis at station 45253. Station 2818110 in the eastern region showed result of decreasing trend in both monthly and seasonal analyses. Increasing trends in monthly and seasonal analyses were found at the only station in north-eastern region, which is station 44320.
The accuracy of forecasting using additive HoltWinters method was also tested using MAD, MSE and MAPE. Most of the forecasts were acceptable except at station 44256 due to the abnormal wet year in 2011.
From the result of trend analysis at the three nearby stations 2815001, 44255 and 442564 in western region, it was noticed that the movement of trend depends on the length of the study period. Thus, data with longer period should be used in order to get a more comprehensive picture of rainfall pattern. In addition, further investigations are required for those stations, which exhibited no rainfall trend but fluctuations with large magnitude were found. Instead of rainfall amount, trends of rainfall intensity and number of wet days should also be investigated for climate change assessment. Understanding rainfall patterns is very important for forecasting future rainfall, which can be used for water resources planning and flood protection.
